Objective: This study employed a multilevel design to test the contribution of individual, social and environmental factors to mediating socio-economic status (SES) inequalities in fruit and vegetable consumption among women. Design: A cross-sectional survey was linked with objective environmental data. Setting: A community sample involving 45 neighbourhoods. Subjects: In total, 1347 women from 45 neighbourhoods provided survey data on their SES (highest education level), nutrition knowledge, health considerations related to food purchasing, and social support for healthy eating. These data were linked with objective environmental data on the density of supermarkets and fruit and vegetable outlets in local neighbourhoods. Results: Multilevel modelling showed that individual and social factors partly mediated, but did not completely explain, SES variations in fruit and vegetable consumption. Store density did not mediate the relationship of SES with fruit or vegetable consumption. Conclusions: Nutrition promotion interventions should focus on enhancing nutrition knowledge and health considerations underlying food purchasing in order to promote healthy eating, particularly among those who are socio-economically disadvantaged. Further investigation is required to identify additional potential mediators of SES-diet relationships, particularly at the environmental level.
Despite the health-protective effects of good nutrition, many individuals do not consume diets consistent with existing dietary guidelines 1, 2 . Individuals of low socioeconomic status (SES) have been shown in many studies, and using a range of SES indicators, to be at increased risk of consuming diets that are less than optimal 3 -6 . For instance, compared with those of higher SES, individuals of lower SES have been found to eat fewer fruits and vegetables, and to choose foods that are lower in fibre and a range of micronutrients, and higher in fat 3 -6 . These socio-economic differentials in diet parallel SES gradients in health outcomes and comprise one key pathway by which SES impacts health. While SES inequalities in diet have been documented, the mechanisms underlying these inequalities are poorly understood. Research into the determinants of dietary behaviours, however, provides some insights into factors that may potentially explain SES inequalities in diet. There is evidence, for example, that individual factors such as nutrition knowledge and health considerations influence food intake 7 , and that these influences are differentially distributed across SES groups 8, 9 . However, the extent to which SES variations in such factors account for SES differences in diet remains largely unknown. Recently, increased attention has been paid to the role of social and environmental influences on food choice. This is consistent with an ecological model of food consumption, in which behaviour is posited to be influenced by the interaction of individual, social and physical environmental variables 10 . Social support for healthy eating, particularly from a partner or other family members, is a key influence on food choice 11 and has been suggested to vary across SES groups, with those of low SES reporting poorer support 12 .
Fewer studies have assessed physical, structural and material environment influences on diet, and studies using objective environmental measures and appropriate multilevel study designs to capture shared environmental features are scarce. None the less, emerging evidence suggests that aspects of local food environments, such as good availability and accessibility of supermarkets or food stores 13, 14 and the availability of healthful food products in stores foods and food stores may be poorer in socio-economically disadvantaged neighbourhoods 16, 17 , these represent additional pathways by which SES might influence diet.
There has been no research that has examined the relative contributions of individual, social and objective environmental factors in explaining SES inequalities in diet using a multilevel framework. The aim of the present study was to examine the roles of nutrition knowledge, health considerations, support for healthy eating, and availability of supermarkets and fruit and vegetable stores, in mediating SES gradients in women's intakes of fruits and vegetables. A focus on the socio-economic influences on the diets of women particularly is important for several reasons. Traditionally, studies of the socio-economic distribution of diet and related health outcomes have more often focused on men 18 -20 , and hence less is known about the socioeconomic influences on women's diets. In addition, despite their increasing participation in the labour market in recent decades, women are still largely responsible for domestic duties in households, including food purchasing and meal choice and preparation 21 . An understanding of the dietary choices of women may thus provide insights into the diets of entire households/families.
Methods

Participants
The analyses presented are based on data collected from 1347 participants who were recruited using a stratified random sampling procedure from 45 Melbourne* neighbourhoods of different SES within the study area, which for practical reasons was defined as the geographical area within approximately 30 km of the central business district. Based on qualitative pilot data 12 in which women were asked about their local neighbourhoods, suburbs were used as approximations of neighbourhoods. A suburb is a commonly used unit of geographic classification.
Based on 2001 Census data, the Australian Bureau of Statistics has assigned to suburbs a SEIFA (Socioeconomic Index for Areas) score based on relative disadvantage (considering attributes such as the proportion of residents with low income, low educational attainment and unskilled occupations) 22 . All suburbs within the study area were ranked according to SEIFA score, and grouped into septiles from low to high socio-economic disadvantage. Fifteen suburbs were then drawn at random from each of the lowest, middle and highest septiles. This was done to ensure that women from a range of SES backgrounds were represented. The Australian electoral roll † was then used to draw a random sample of women aged between 18 and 65 years in each of the 45 neighbourhoods. Given differential response rates by SES groups observed in other mail-based health surveys, we oversampled from the low-and mid-SES neighbourhoods relative to the high-SES neighbourhood, by a ratio of 1:1.2:1.5. The sample drawn to receive the diet survey consisted of 2400 women: 645 from high-SES, 780 from mid-SES and 975 from low-SES neighbourhoods. A total of 1136 women responded: 354 from high-, 407 from midand 375 from low-SES neighbourhoods. This response (50% overall, excluding from the denominator 127 women who had moved/were ineligible) is similar to those obtained in other recent mail-based surveys targeting women 23 . A second independent sample was drawn in the same manner for a separate physical activity survey. All participants completing the surveys were asked if they were willing to complete a second survey, and those agreeing were posted the alternative survey (diet or physical activity). This second phase of the study resulted in an additional 444 diet surveys (42% of those completing the original physical activity survey). Excluding data from 13 women who had recently moved out of the study neighbourhoods, and 220 women who had missing data on one or more study variables, the final sample size was 1347 (445 from high-, 517 from mid-and 385 from low-SES neighbourhoods). Non-respondents to both surveys were more likely to live in low-SES neighbourhoods than in mid-or high-SES neighbourhoods.
Measures
Predictor variable: SES Education was used as an indicator of individual SES in this study. Women were asked to self-report their highest education level as either 'No formal qualifications/up to 10 years', '12 years/Trade/Apprenticeship/Certificate/ Diploma' or 'University degree/Higher degree'.
Outcome variables
Fruit and vegetable intakes were assessed separately by asking 'How many servings of [fruit/vegetables] do you usually eat each day?' (a serving of fruit was defined as 1 medium piece or 2 small pieces of fruit, or 1 cup of diced pieces; a serving of vegetables was defined as 1/2 cup of cooked vegetables or 1 cup of salad vegetables). Response options were 'none', '1 serving', '2 servings', '3 -4 servings' (coded 3.5 for analyses) or '5 servings or more' (coded 5). These questions were adapted from the Australian National Nutrition Survey 24 in which they were shown to adequately discriminate between groups with different fruit and vegetable intakes assessed by 24-hour recall. The test -retest reliability (intraclass correlation; ICC) of these measures, assessed in a separate study of 30 women who completed the survey on two occasions three days apart, was 0.85 for fruit and 0.85 for vegetables.
*Melbourne is the capital of the State of Victoria, and the city has a population of approximately 3.5 million. †Registration on the electoral roll is compulsory for all Australian citizens aged 18 years or older.
Individual mediators Nutrition knowledge. An eight-item nutrition knowledge scale was adapted from an existing scale 25 . Respondents answered 'True', 'False' or 'Don't know' to eight statements about the nutrient sources of various foods (e.g. 'Meat, chicken and fish are the best sources of calcium') and the health effects associated with different dietary components (e.g. 'A diet high in fruits and vegetables and low in salt may help prevent high blood pressure'). The number of correct statements was calculated, and dichotomised as all correct or one or more incorrect.
Health considerations. Two items adapted from a previous study 9 were used to assess health considerations related to diet. Respondents were asked 'When you are deciding what food/groceries to buy when food shopping, how much do you consider -your own health? -the health of other household members?' Responses were averaged across the coded response options ('Not at all' coded as 1, 'A little' as 2, 'Somewhat' as 3 and 'Very much' as 4; responses of not applicable for the household item were omitted and only the score for own health was used for those cases). Responses were dichotomised at the median into low (, 4) or high (4) health considerations when purchasing foods.
Social mediators
Support for healthy eating. Social support for healthy eating from family was assessed with three items adapted from a well-validated scale 26 -'During the past year, how often did members of your family (including partner/spouse): Eat healthy low-fat foods with you? Encourage you to eat healthy low-fat foods? Discourage you from eating unhealthy foods?' The questions were repeated to assess support from 'friends or work colleagues'. Cronbach's a for the summed scales was 0.70 for family and 0.76 for friends/colleagues.
Environmental mediators
Availability of large supermarkets (defined as those belonging to one of the largest five supermarket chains in Australia) and of fruit and vegetable stores in the 45 neighbourhoods was assessed objectively through searches of online telephone (www.whitepages.com.au) and service directories (www.yellowpages.com.au) in 2004, and cross-checking these listings against company websites and local government/council online registers. The total numbers of supermarkets and fruit and vegetable stores were calculated for each neighbourhood and expressed relative to the population (outlets per 10 000 people). Neighbourhood population data were obtained from 2001 Census data 22 .
Covariates
Based on their established association with diet, age and marital status were also controlled for in analyses.
Procedures
All women selected for the two surveys (diet, physical activity) were posted a letter advising them they had been selected to take part in a study of women's health behaviours and that they would shortly receive a survey. One week later diet surveys were posted out to 2400 women and physical activity surveys to a separate sample of 2400 women. A standard reminder protocol 27 was used; i.e. all nonrespondents received a postcard reminder within three weeks and a second reminder with replacement survey package after a further three weeks. All women received several small incentives with their initial survey package.
Statistical analyses
Since this study collected data at both the individual level (survey data on fruit and vegetable consumption, individual and social influences) and the neighbourhood level (supermarket and fruit and vegetable store density), multilevel statistical modelling was used to analyse data 28 . A two-level linear regression model, with women (n ¼ 1347) at level 1 and neighbourhoods (n ¼ 45) at level 2, was fitted to estimate the contribution of individual, social and environmental mediators to explaining socio-economic variations in women's intakes of fruit, and in a separate model, of vegetables.
After conducting descriptive and unilevel analyses to investigate the distributions of demographic, socioeconomic, outcome and mediator variables, multilevel modelling analyses were conducted using a series of steps. Firstly, a two-level null model was fitted for each dietary outcome (fruit and vegetable consumption). The null model, which includes only a constant term in the fixed part, is intended as an initial model against which subsequent models can be tested. The ICC for the null model provides an estimate of the proportion of variance in the dietary outcome that is attributable to betweenneighbourhood variation; the remaining variation is between individuals. The next step involved fitting a series of two-level random intercept models to estimate the contributions of mediating variables to explaining variation by individual-level SES in each of the two dietary outcomes. An initial model (Model 1), including the predictor variable, individual-level SES (education) as well as the covariates (age and marital status), was specified to establish the association between individual-level SES and fruit and vegetable consumption (separately), prior to investigating any mediators. The research questions central to this study were then investigated by extending Model 1 to include the fixed effects for proposed mediators, with environmental (Model 2), social (Model 3) and individual (Model 4) variables added sequentially in three separate blocks, representing mediators from the most distal (neighbourhood environment) to the most proximal (individual). This order of entry was selected since it might be proposed that more distal environmental-level factors themselves may influence more proximal individual-level factors.
Consistent with Baron and Kenny's 29 conditions for mediation, only those proposed mediators that were significantly associated bivariately with fruit or vegetable intake were included in these models. The ICC was calculated for each model, and changes in the b coefficients (expressed in units of standard deviation of the outcome variables) for associations between education and fruit and vegetable intake were observed across models to assess the impact of including additional mediators. All multilevel models were estimated in MLwiN version 2.0 30 using the maximum likelihood method (IGLS).
Results
Participant characteristics and distributions of fruit and vegetable intakes by socio-economic, covariate and mediator variables are shown in Table 1 . Fruit and vegetable intakes tended to be higher among women with higher levels of education, older women, and (for vegetables only) women who were married or living in de facto relationships. Intakes were also higher among women reporting greater health considerations, those with higher nutrition knowledge scores (vegetables only), and those with greater family and friend support for healthy eating. Neighbourhood density of fruit and vegetable was positively correlated with average vegetable intake.
Results of the series of multilevel regression analyses predicting fruit consumption are presented in Table 2 . The null model showed statistically significant variations in fruit intakes at the individual (98.9% total variance) but not the neighbourhood level (1.1% variance). Adjusting for covariates, Model 1 showed that women's education level was significantly positively associated with fruit intake. Since no neighbourhood variables were significantly bivariately associated with average fruit intake, these variables were not included as mediators (i.e. no Model 2). Support for healthy eating from both family and friends were included, and found to predict fruit intake in Model 3; inclusion of these variables slightly reduced the residual variance at the individual level. When the single individual variable that was bivariately predictive of fruit intake -health considerations -was included in Model 4, it was found to significantly predict fruit intake, and inclusion of this variable further reduced the residual variance among individuals. However, although the association between education level and fruit intake was slightly attenuated, it remained statistically significant even in this final model with all mediators included. Table 3 presents the corresponding results for vegetable intake. In contrast to the model predicting fruit intake, the null model shows significant variability in vegetable intake at the neighbourhood (6.5%) as well as the individual (93.5%) level. Education level was significantly positively associated with vegetable intake (Model 1). The single environmental mediator (neighbourhood fruit and vegetable store density) included in Model 2 was not positively associated with vegetable intakes, and inclusion of this variable had only marginal impact on the association of education with intake and on the variance at both individual and neighbourhood levels. Social support from family but not friends was significantly predictive of vegetable intake in Model 3. Both nutrition knowledge and health considerations were positively predictive (Model 4) and the inclusion of these variables reduced the residual variance at the individual level, as well as reducing the strength of the association of education with vegetable intake. However, education remained a significant predictor of vegetable intake in the final model, although only the university-educated group remained significantly different to the base category.
Discussion
This study is one of only a few multilevel studies of the influences on food intake in which environmental measures were obtained objectively and multilevel analysis was used to explicitly model variance at different levels. The incorporation of multiple potential mediators from different domains, and the relatively large community-based sample, are further strengths. The present results confirm previous evidence 3 -6 of strong SES differences in fruit and vegetable intakes. The findings also advance those of previous studies by showing that education-level variations in fruit and vegetable intakes were partly mediated by selected social and individual variables, but not by the two neighbourhood-level variables studied.
Previous evidence, largely derived from qualitative studies, indicates that women of lower SES less often choose foods on the basis of health considerations than women of higher SES 9 . The present findings suggest this may be a potentially important mechanism underlying SES variations in fruit and vegetable intakes. Similarly, nutrition knowledge, previously demonstrated to be poorer among those of low SES 8 , explained some of the association of SES with vegetable (but not fruit) intakes in the present study. Nutrition promotion strategies that focus on the importance of considering health and nutrition in food selection may therefore help increase fruit and vegetable consumption among low-SES women. Social support for healthy eating has previously been shown to predict food intakes 11 ; here it was also found to attenuate associations of education with intakes of fruit (both family and friends) and vegetables (family only). Involving entire families or peers in nutrition promotion programmes may represent another strategy for reducing SES inequalities in diet and promoting fruit and vegetable intakes.
The density of fruit and vegetable stores in the women's local neighbourhoods was not associated with fruit intakes, and there were only weak bivariate associations of store density with vegetable intakes, which were not significant mediators in the multilevel model. These findings suggest that the higher fruit and vegetable intakes amongst the more highly educated women were not attributable to a greater density of supermarkets or fruit and vegetable stores in their local area. This appears inconsistent with findings of the single previous multilevel study 13 that linked contextual environmental factors with individual food intakes and found significant associations between these factors.
There are several possible explanations for the lack of associations of the environmental factors with diet in the present study. First, the definition of 'neighbourhood' was informed by pilot work in which women typically referred to their suburb when questioned about their local neighbourhood food environment 12 . However, suburbs are considerably larger than the census-tract-defined neighbourhoods used previously 13 , and may have been too large to accurately capture those neighbourhood environmental exposures most salient to residents. A second possibility is that store density may not be the most relevant environmental factor impacting access to fruits and vegetables in this population. Other environmental indicators, such as store proximity or accessibility (e.g. access to private or public transport), or the quality or cost of fruits and vegetables, may be of greater consequence. This hypothesis is supported, at least for vegetable consumption, by the finding that there remained significant neighbourhood-level variation in vegetable intakes even after controlling for fruit and vegetable store density. Finally, the lack of associations of environmental factors with fruit and vegetable intakes may indicate that factors outside the environmental domain are more important. This is consistent with our finding that there existed greater variability in vegetable and particularly fruit intake at the individual level than at the neighbourhood level, which also corroborates findings of a previous Australian study of food purchasing behaviour 31 . Although the individual and social factors examined in this study partly attenuated the relationship of education with fruit and vegetable intakes, the relationship was not completely explained by these variables, as the associations persisted even after controlling for all mediators and covariates. This suggests that other factors not considered here may be important mediators. As well as the additional neighbourhood factors suggested above, self-efficacy, taste preferences, cooking skills, discretionary income or time may also be important mediators of the relationships between education and dietary intake.
As far as we are aware, this is the first study to employ a multilevel design, to investigate individual, social and objectively assessed environmental mechanisms underlying SES differences in dietary intake. However, the study is not without its limitations. The data are based on a crosssectional survey and it is not possible to determine whether the associations observed are causal. In addition, much of the data were self-reported, and social desirability reporting bias is possible. Finally, the study achieved a modest response. However, the repose rate is similar to that achieved in other health surveys, and there is evidence that response rates for most major studies have been falling over the past few decades and that it is not necessary to have high response rates to ensure a broad spectrum of respondents is represented 32 .
In conclusion, the findings suggest that focusing on health purchasing considerations, nutrition knowledge and social support for healthy eating may be important in reducing SES inequalities in women's fruit and vegetable intakes. Further research is required to understand the origins of these social and individual differences across SES groups (i.e. why low-SES groups may have poorer support or lower levels of nutrition knowledge/health considerations). In addition, it will also be important to further explore the role of other environmental variables. Until recently, nutrition promotion initiatives have emphasised psychological models of choice, information provision and individual responsibility 33 . However, in order to achieve good nutrition for all, and particularly among those who are disadvantaged, a more comprehensive understanding of the drivers of socio-economic inequalities in food consumption is required.
